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◼ Community-based breeding programs are an 
attractive option to achieve genetic improvement 
of small ruminants in low-input systems 
◼ Selective breeding programs have resulted in 
satisfactory genetic improvement and significant 
inclusive socioeconomic and livelihood benefits 
to the smallholder farming communities in 
climate-smart landscapes 
◼ The trend for participation of farmers in 
community-based breeding programs is 
increasing 
◼ There is a significant breeding knowledge 
difference on husbandry and management 
practices, forage legume utilization and use of 
alternative feed resources and efficient 
production strategies between community-based 
breeding program (CBBP) members and non-
member farmers 
◼ Small ruminant CBBPs run by smallholder 
farmers are becoming the nucleus to produce 
climate-resilient sires for new broad-based out 
scaling sites to the surrounding small-scale 





In developed countries, national breeding programs have 
been implemented by well-organized breeder 
associations with full support from the state in a 
developed infrastructure and high-level capacity to run 
the breeding programs. Such breeding programs are 
successful in data recording and processing, and the 
evaluation of the best candidates for optimal breeding. 
However, adopting such breeding programs in developing 
countries was not successful due to a lack of support 
from government and poor infrastructure. 
A new approach gaining global interest in developing 
countries is the CBBP. It adopts a strategy considering 
farmers’ needs, views, decisions, and active participation, 
from inception through implementation, and their success 
is based upon proper consideration of farmers’ breeding 
objectives, infrastructure, participation, and ownership. 
Since 2009, this breeding approach has been adopted in 
Ethiopia (Mueller et al. 2015). 
In Doyogena climate-smart landscapes, a sheep CBBP 
started in 2012/13 by the International Center for 
Agricultural Research in the Dry Areas (ICARDA) and the 
International Livestock Research Institute (ILRI) in 
collaboration with the Southern Agricultural Research 
Institute (SARI) and Areka Agricultural Research Center 
(AARC). After six years of selection (2013 to 2018), 
promising achievements of Doyogena sheep CBBP were 
reported. Partnership with the CGIAR Research Program 
on Climate Change, Agriculture and Food Security 
(CCAFS) started in 2018, whereby CCAFS, ICARDA and 
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AARC established three new sites to scale up the 
Doyogena sheep improvement program through 
disseminating improved rams selected from the more 
established CBBPs.   
Continuous evaluation of genetic progress and breeder’s 
cooperatives performances are crucial to assess their 
performances and to optimize or to develop more efficient 
genetic improvement programs in the future. Thus, in the 
current study, we evaluated the genetic progress in 
Doyogena sheep CBBP. 
Method 
The study was conducted in Doyogena climate-smart 
landscapes. Sheep owners in the study were organized 
into breeder cooperatives to run the CBBPs. A total of 8 
(3 new and 5 older) CBBPs were involved in this study. 
Animal identification, and performance recording on 
growth and reproduction traits were carried out by 
enumerators with close supervision by researchers from 
AARC, ICARDA and CCAFS.  
Breeding ram selection was carried out twice a year from 
older CBBPs. The breeding rams were selected based on 
estimated breeding values (EBVs) of their six months 
weight (6WT), incorporating farmers' criteria. First-ranked 
(top 10%) of the breeding rams were retained in the 
CBBP flock while second-ranked were sold for breeding 
purposes to other communities. The third-ranked were 
either castrated to be fattened or marketed to prevent 
unwanted mating (Haile et al. 2019). After one year of 
service, the breeding rams were sold to other areas of the 
region. Data was analyzed using a generalized linear 
model in the statistical software SAS (SAS Institute Inc. 
2008) and animal model in WOMBAT - a software 
package for quantitative genetic analyses of continuous 
traits (Meyer 2007) to assess fixed effects and genetic 
trends, respectively. 
Farmer’s participation and perception  
Initially, the program was started with 148 male-headed 
and 24 female-headed households. Currently, a total of 
811 households directly participate in the breeding 
programs (Table 1). This is due to the fact that 
achievements of participating farmers have attracted 
other farmers and membership has increased over time. 
Since the initiation of CBBP, there has been no report of 






Table 1. Community participation in the CBBPs (MHH: 









Current number of 
members 
MHH FHH MHH FHH MHH FHH Total 
Ancha  Sedicho 53 7 77 12 130 19 149 
Hawora  Arara 28 14 113 25 141 39 180 
Serera Bukata 35 6 61 26 96 32 128 
Begedamu 14 2 48 10 62 12 74 
Murasa 22 3 65 15 87 18 105 
Lemi Seticho 19 12 41 4 60 16 76 
Gemora Gewada 38 12 14 1 52 13 65 
Serera Women 0 34 0 0 0 34 34 
Total 209 94 419 93 628 183 811 
Several trainings have been given to members on sheep 
husbandry and management practices, utilization of 
forage legumes, use of alternative feed resources, and 
sheep fattening strategies. As a result, we observed 
significant knowledge difference between member and 
non-member farmers. Due to continuous follow-up and 
training, 99.2% of participant farmers were aware of the 
effects of inbreeding (the mating of closely related 
animals) and its control mechanism. Participating farmers 
practiced breeding ram exchange among themselves to 
control the level of inbreeding. However, non-member 
farmers did not take any measure, as they were not 
aware of the negative effect of inbreeding. 
Growth traits  
Mean birth weight, weaning weight, and 6WT of 
Doyogena sheep in the study areas is presented in Table 
2. The overall mean weight at birth, three months and six 
months was 3.12 kg, 14.86 kg, and 23.07 kg, 
respectively. 
Substantial improvement was attained at birth, three- and 
6WT of lambs that showed an increasing trend over the 
years. The 6WT of Doyogena sheep was comparable 
with 6WT of Bonga sheep (21.0 ± 0.718) (Haile et al. 
2014).  
Table 2. Growth traits phenotypic trend across selection 
years 






Overall  3.12 14.86 23.07 
2013 2.98 - - 
2014 3.28 13.86 21.49 
2015 3.30 15.91 24.48 
2016 3.05 15.09 22.64 
2017 2.80 13.83 22.21 
2018 3.18 14.71 23.50 
2019 3.22 15.37 22.90 
2020 3.17 15.23 24.24 
Change (kg) 0.20 1.37 2.75 
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Genetic parameter estimates for growth 
traits 
The estimates of direct heritability (h2a) for birth weight, 
weaning weight, and 6WT were 0.33 ± 0.06, 0.31 ± 0.06, 
and 0.14 ± 0.06, respectively (Table 3). Heritability 
estimates for 6WT were moderate, which reflect less 
variation among lambs at 6-month age. The estimates of 
direct heritability for birth weight, and weaning weight fall 
within the range of values reported for high heritability. 
Similarly, the estimates of total heritability (h2t) for birth, 
three-month and 6WT were 0.21, 0.12, and 0.14, 
respectively. The estimate of h2t for the mentioned traits 
were in the moderate range and decreased in value as 
the lambs advanced in age. 
The estimate of h2a for 6WT (0.14 ± 0.06) was found in 
the range of h2a estimated for Afar sheep 0.14 - 0.32 and 
blackhead Somali sheep 0.00 - 0.43 (Yacob et al. 2008), 
while the report of Gizaw et al. (2014) for Menz sheep 
0.46 was much higher than the present estimate. Kebede 
(2002) estimated 0.18 ± 0.05 of h2a for Horro sheep that 
was higher than the current estimate. 
Genetic trend based on 6WT  
In Doyogena, the existing selection trait was 6WT. 
Therefore, evaluating this trait concerning a genetic trend 
is very important as both birth weight and weaning weight 
are early growth traits which are significantly influenced 
by maternal effects.  
Since the start of the CBBP, an increasing genetic trend 
was observed for selection traits in each breeder 
cooperative. Figures 1 and 2 show an example of the first 
two established breeder cooperatives (Ancha and 
Hawora Arara) genetic progress. Annual genetic progress 
for 6WT was increased by 0.14 kg and 0.05 kg in Ancha 
and Hawora Arara, respectively. Direct genetic change for 
6WT was 0.68 kg (Ancha) and 0.19 kg (Hawora) after 5-











Figure 2. Hawora Arara breeder cooperative 6WT genetic 
trend (2015-2018) 
Reproductive traits  
Maximizing the genetic progress of litter size and 
shortening the lambing interval (LI) has paramount 
importance. The average litter size, LI and annual 
reproductive rate (ARR) obtained were 1.75 ± 0.02 
litter/head/ewe, 281.22 ± 8.8 days, and 2.16 ± 0.06, 
respectively. The results of LI were comparable to the 
findings by Edea et al. (2012) with 276 for Horro sheep. 
The estimate of heritability for litter size was 0.28 ± 0.12. 
Estimates indicated that genetic improvement through 
direct selection for this trait would be high for Doyogena 
sheep. Compared with other studies, the current 
heritability estimate for litter size was higher. Kebede et 
al. (2002) reported h2a of twinning was 0.06 – 0.17 for 
Horro sheep. The reason could be due to the fact that 
53% and 11% of lambs born were twins and triplets, 
respectively (Figure 3). 
 
Figure 3. Litter size of all breeder cooperatives 
The genetic correlation between growth and litter size 
traits were all negative, ranging from -0.50 ± 0.04 to -0.18 
± 0.08. Phenotypic correlations also had similar trends. 
The negative genetic correlations were expected since 
large litter size had been shown to have a negative effect 
on the body weights of lambs. The negative correlation 
between growth traits with litter size indicates that litter 
size cannot be considered as a selection criterion to 
indirectly improve growth traits.  
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Table 3. Estimates of genetic (below diagonal), 
phenotypic (above diagonal) correlations between growth 
and litter size traits in multi trait analysis and direct 
heritability estimates (grey on diagonal) from univariate 
analysis 
Traits BWT WWT 6WT LS 
BWT 0.33 ± 0.06 0.24 ± 0.02 0.19 ± 0.02 -0.42 ± 0.01 
WWT -0.23 ± 0.07 0.31 ± 0.05 0.36 ± 0.02 -0.21 ± 0.02 
6WT -0.22 ± 0.09 -0.58 ± 0.09 0.14 ± 0.06 -0.11 ± 0.02 
LS -0.50 ± 0.04 -0.24 ± 0.07 -0.18 ±0.08 0.28 ± 0.12 
BWT=birth weight, WWT=weaning weight, 6WT=6-month weight, LS=litter size 
Conclusions and future implications 
The current study has provided important information on 
the ongoing Doyogena sheep improvement program 
under CBBP. Substantial genetic improvement has been 
attained for selection traits in Doyogena sheep CBBPs. 
The correlated response observed in other traits and 
substantial genetic variation observed in reproduction 
traits ensures the possibility of inclusion of such traits in 
the selection index. Doyogena sheep CBBPs run by 
smallholder farmers are used as a nucleus to produce 
climate efficient sires for newly scaled out sites, 
surrounding small-scale farmers, private farms, 
governmental and non-governmental institutions.  
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